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INTRODUCTION
L

The shock tunnel facilities at the Naval Ordnance
lLaboratory consist of the 1.5-in. Hypersonie Shock Tunnel
No, 1, the 1.5-1in. Hypersonic Shock Tunnel No. 2, and the
4-1n, Hypersonic Shock Tunnel No, 3. This report deals with
the physical description of these facilities and it includes
a summary of their aerodynamic and gas dynamic capabilities,
The report i1s divided into two parts, the first dealing with
the 1,5-1in. facilities while the second deals with the
4-in, facility. The characteristics of these tunnels appear
in tsbular form in figure 1. Photographs of the three
facilities appear in figures 2, 3, and 4,

THE 1.5-1in. HYPERSONIC SHOCK TUNNELS

The two 1.5-1in. Hypersonic Shock Tunnels have similar
dump tanks and low-presgssure sections. The dump tanks for
both tunnels are six feet Iin diameter and 25 feet long, and
have identical window sections.

Figure 5 shows one of the many possible window arrange-
ments for either of the 1.5-in. Shock Tunnels. Four 18-inch
diameter circula: discs are carried in a long rectangular
plate which can be moved about six inches either side of its
center position. Each dump tank is provided with two sets
of discs having eight-inch diameter window ports. In one
set the port 1s located at the center of the disc, while in
the other set it 1is four inches off-center. The remaining
discs have no window p.u.8. Flat rubber gaskets provide
vacuum seal: aound th rectangular plate and the 18-inch
discs. Sealing of the Jindow glass 18 achieved with an "0"
ring around the ci-.:umference and a flsc rubber gasket over
the outside face of the window, The 18-inch window discs
f£it any of the 18-inch openings in any of the rectangular
plates. The discs carrying the off-center window ports can
be rotated so that the center of the window will describe a
complete circle about the center of the disc. The many
adjustments possible with this window assembly permit the
photographic observation of flow phenomena at any point in
the test section over a seven-~-foot range. Eilther shadowgraph
or schlieren techniques may be used in the tunnels, and
single frame or multiple exposures are possible. Multiple
exposures are obtained with: (1) the Be:kman Whitley
Model 192 rotating mirror camera, capable of recording
photographs at a rate of 1.25 million frames per second; and
(2) the Beckman Whitley Dynafax camera, having a capability
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of 25,000 frames per second, Continuous streak (smear)
pictures of motion in the test section can be made with the
AVCO type DC-060 Model 1 rotating drum camera. A high,

energy square wave light pulse generator, which was designed
and constructed for this purpose at NOL, provides a light
pulse lasting from one to three milliseconds., Using this
combination of a long duration high energy light source and
either the multiple exposure or the continuous streak cameras,
one may obtain photographic records of the flow during the
entire blowing time of any of the tunnels,

The low-pressure sectlons of the two 1.5-1in. Shock Tunnels
are nominally 200 callbers 5300 inches) long. Piston-type
pressure gages (refs. (1), (2), and (3)) are used to monitor
the pressure at five locations along the low-~pressure section
of the 1.5-in. Hypersonlc Shock Tunnel No. 1 and at six
locations along the low-pressure section of the 1.5-1n,
Hypersonlic Shock Tunnel No, 2, In both tunnels the pressure
gage station nearest the muzzle diaphragm contains two gages
in the same vertlical plane.

Pressure 1s usually monitored simultanecusly at each end
of the high-pressure chamber in both shock tunnels, Since the
high-pressure sectlion dlaphragm opens before the gas 1is
completely burned, the rear gage normally reads higher by
several thousand psi (ref. (3)%. Typical pressure traces
from the driver section of the 1.5-1in., Hypersonic Shock Tunnel
No. 2 are shown in figure 6,

In Shock Tunnel No. 1 a combination of elght ionization
and two pressure-sensitive probes (ref. (4)) are used along
the low-pressure chamber to detect the passage of the shock-
wave In the working gas. The two pressure-sensitlive shockwave
detectors are located in the last two stations. In Shock
Tunnel No. 2 only pressure-type shockwave detectors are used
at the eight stations along the low-pressure section. The
ion-sensitive ﬁrobes do not function reliably at Mach
numbers below 4.5 due to the 1imited ionizatlon. At higher
Mach numbers these probes tend to be triggered early when used
near the metal dlaphragm at the end of the low-pressure section
of the 1.5-in. Hypersonic Shock Tunnel No., 1, This results in
an apparent higher shock velocity at the last station (ref. (3)).
Both the pressure-sensitive and ionization probes were
designed to fit the same holes in all positions along the
low-pressure section of the tunnels, The electronic components
assoclated with these probes, however, are different, and
must be changed when changing probe type. Both types of
shockwave detectors emlit electrical pulses which are
amplified and fed to time-interval meters which in turn provide
the data for determining shockwave veloclty and attenuation.

2
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Pigures 7 and 8 show the physical location of the piston-type
pressure gages and shockwave detectors.

The 1.5-in. Shock Tunnels are usually operated with a
combustible mixture of hydrogen, oxygen, and helium as the
driver gas. Ignition of the mixture is achleved with an
exploding-foil tape consisting of 0.4 mil aluminum foil
backed by cellophane tape 1/2 inch wide (fig. 9). Relatively
high resistance ignition points are formed at regular
intervals along the tape by punching 1/4-inch diameter holes
through the aluminum foil and cellophane tape, and then
seraping away the foill from the tape on one side of each hole,
The distance between ignition points is approximately 5 inches
on the tape for the 1.5-in. Hypersonic Shock Tunnel No. 1, and
about 6,9 inches on the tape used in the 1.5-in. Hypersonic
Shock Tunnel No. 2. The suspension system, which supports the
tape along the axis of the high pressure chamber, consists
of the breech plug, two stainless-steel rods and a knife
edge. The rods are threaded at one end and have a slot cut
in the other. A rigid frame 1is obtained when the rods are
screwed into holes on eilther side of the breech plug, silver
soldered in place, and the knife blade 1s then silver
soldered into the slots in the other end of the rods. Since
the pleces are all silver soldered together, a positive
electrical path 18 assured. A nylon and phenolle insulated
steel electrode 18 located in the center of the breech plug.
The tape 18 suspended between this electrode and the center
of the knife edge with one ignition point as near each
connection point as possible. PFigure 10 18 a photograph of
a typical tape suspension system with the tape fastened in
place. When the capacitor is connected to the breech plug
and discharged across the tape, the narrow bridge of aluminum
foil at each ignition point explodes violently. The 2 ¢8
thus created at these points ignite the gas, which burns
along with the aluminum foil and cellophane tape. Smooth
ignition is obtained when the capacitor 1is charged to a
voltage sufficient to provide an energy of approximately
10 joules for each ignition point.

The restriction and nozzle throat detail of the 1.5-in.
Hypersonic Shock Tunnel No. 2 1s shown in figure 11. Both
tungsten and molybdenum are used as nozzle throat materials,
since they exhibit less than one percent erosion in the ,250-
inch throat diameter per shot. Typical reservoir conditions
encountered by these materials are 20,000 psi and 12,0000F,
with a driven gas flow of two milliseconds duration. Tungsten
is the throat material most generally used at the present
time.
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The 1.5-in., Hypersonic Shock Tunnel No. 1 18 operated
without a restriction, the working gas being allowed to expand
freely into the test section. The original driver sections
of both 1.5-in. Hypersonic Shock Tunnels were 40 inches long
and 3.75 inches in diameter. The 40-inch driver section of
the 1.5-1in. Hypersonic Shock Tunnel No. 1 was replaced with
a driver section 80 inches long and 3.75 inches in diameter
in order to extend the usable blowing time with shock
velocities as low as Mach 4. The effect of chamber lengths
on the teat section 18 shown by the typlcal Pitot traces
in fligure 12,

THE 4-in. HYPERSONIC SHOCK TUNNEL NO. 3

The 4-in. Hypersonic Shock Tunnel No. 3 high-pressure
chamber, a modified 8-inch naval rifle breech, i1s 10 inches
in dlameter and 144 inches long. Driver gas combustion
pressure 18 measured with a piston-type pressure gage mounted
In the breech obturating cup. Gas loading of the high-
pressure chamber i1s accomplished through two openings in the
breech obturating cup. The dlaphragm between the driver and
driven section 18 a flat stainless-steel plate grooved on one
side so that four petals are formed when it folds back. In
some cases the flat diaphragm may be prebulged to a
hemispherical shape with oil pressure (fig. 13). The diaphragm
is mounted in a combination diaphragm former-obturating cup,
which in turn is inserted into the forward end of the high-
pressure section. The low-pressure gsection is mounted on
stanchions which are equipped with rollers which permit it to
be moved back and forth readily. Once the high-pressure
diaphragm 18 in place, the low-pressure sectlion is pulled into
place and rotated to engage interrupted threads which lock it
into position.

Piston-type pressure gages are mounted at eight locatlons
along the driven section, and shock velocity is monitored by
pressure-sensitive shockwave detector probes at 13 points.

The location of these gages and probes 18 shown in figure 14,
The tunnel 1s presently set up to operate as a restricted
tunnel with a nozzle throat diameter of .500 inch. The flow
expands into an axisymmetrical two-dimensional contoured
nozzle which is designried to provide a 20-inch test rhombus of
parallel flow. The coordinates for this nozzle were determined
through the use of an IBM 7090 computer program (ref. (5)).
Analytical fits to the real-gas data for air were used to
compute the isentropic expansion from the supply conditions.
The nozzle core was then determined by the method of charac-
teristics with a correcticn added to the core to account for
the real-gas turbulent boundary layer. Figure 15 shows the

b
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mechanical arrangement of the reflecting surface, nozzle
throat and contoured nozzle. Free jet expansion may be
achieved in this tunnel by removing the contoured nozzle from
- the dump tank and exchanging the short section at the end of
the barrel for one that will hold the muzzle diaphragnm.

Several days are required to switch from one mode of operation
to the other.

The dump tank of this tunnel is 8 feet in diameter and
50 feet long. There are three sets of fixed 12-inch dlameter
window ports along each side of the dump tank. These ports
represent Mach 8, Mach 12, and Mach 15 positions when the
tunnel is operated in the free Jjet expansion mode. The ports
corresponding to the Mach 12 position are used when the shock
tunnel 1s operated in a restricted fashion. At the present
time, because of the inherent detonation problem associated
with oxygen-hydrogen-helium mixtures at high pressures and
large chamber volumes, the tunnel 1s operated with a gunpowder-
helium driver and primer ignition.

When gunpowder 1s used, it 1s spread evenly on the bottom
of the chamber along its entire length. Because of its fast
burning qualities, Hercules Unique gunpowder was chosen for
this application. No experimental investigation has been
carried out in this facility to determine whether more
efficient gunpowders are avallable for heating the helium.
The powder 18 ignited by three primers placed at uniform
intervals along the chamber, The primer holders are silver
soldered to an axial primer rod (fig. 16) and the primers
are mounted in them and pointed downward so that the primer
flashes are aimed directly at the powder layer when the gun
is fired. Originally 30 primers were used for each shot.
However, more uniform burning was obtained when the number of
primers was reduced to three,

At the present time the use of a hydrogen-oxygen-helium
gas mixture for the driver gas of the 4-in. Hypersonie Shock
Tunnel No. 3 18 not contemplated. However, should the state
of the art improve to the extent that detonations could be
controlied in large volumes at high pressures, the more
efficient hydrogen-oxygen-helium mixture wlll once again te
considered,
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TLLUSTRATIONS

Capabillity Chart for the NOL Hypersonic Shock
Tunnel Facilities

1,5~1in. Hypersonic Shock Tunnel No, 1
1,5-in., Hypersonic Shock Tunnel No, 2
4-in. Hypersonic Shock Tunnel No., 3

Window Section of Dump Tanks for the 1,5-1in,
Hypersonic Shock Tunnels No. 1 and No, 2

Typlical Pressure Traces from Driver Sectlon of the
1.5=-1in. Hypersonic Shock Tunnel No. 2 Using
Exploding Foil Ignition Tape

Diagram of Gage and Probe Locations in the 1.5-in,
Hypersonic Shock Tunnel No., 1

Diagram or Gage and Probe Locations in the 1,5-1n,
Hypersonic Shock Tunnel No, 2

Exploding Foll Ignition '‘ape
Firing Rod, Breech Plug and Ignition Tape Assembly

Nozzle Section of the 1.5-1n. Hypersonic Shoek
Tunnel No, 2

Effect of Single and Double Length Driver Sections
on Test Section Pitot Pressure

High-Pressure Section Diaphragms for the 4-1in,
Hypersonic Shock Tunnel No., 3

Diagram of Gage and Probe Locations in the U4-in.
Hypersonic Shock Tunnel No. 3

Nozzle Section of the 4-in. Hypersonic Shock Tunnel
No. 3

Primer Rod and Breech Obturating Cup for the 4-in.
Hypersonic Shock Tunnel No. 3
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